nPOCTOE AOKASATEJlbCTBO TEOPEMbI ABEJIH 
O HEPASPEUIHMOCTH YPABHEHMH B PAAHKAJIAX 



O 



A. CKoneHKOB 

TeopeMa ASejia. KaAbKyAsimop UMeem khohku 

1, +, — , X, : u ^ Bar awBozo n. 

Oh onepupyem c KOMHAeKCHUMU hucaomu u npu naotcamuu khohku ^ eudaem ece SHaueHUR 
KopHR (u KttK-mo ux CAyHttUHO Hyjuepyem). KaAbKyAHmop euHUCAHem HUCAa c aBcoAmmnou 
moHHOcmbto u UMeem HeospaHUHeHHyto naMfimt. Upu deAenuu na oh eudaem omu6Ky u 
npeKpam,aem pa6omy. 

Tozda Hu npu KaKOM n > 5 He cym,ecmeyem npozpaMMU Bah amoso KaAtKyAnmopa, ko- 
^ ■ mopan no K03(p(f)Uu^ueHmaM MHOsoHAena n-u cmenenu eudaem KoneuHoe MHOotcecmeo HuceA, 
^ ' codep9fcauj,ee ece ezo Kopnu. 

^ ■ KoMMCHTapHH HO HOBo^y noHaTH3 nporpaMMt.1 H p^yTs,ii (|)opMyjiHpoBKa npHBefleHbi b 

nyHKxe 'nyTeBbie nepecTanoBKH nporpaMMbi h KOMMyxaTopbi'. 

B 3TOH saMCTKe ML.I noKajKCM, KaK MOJKHo Gbijio 6t.i npHflyMaTb npocToe ^^oKasaxejibCTBo 
xeopeMbi A6eji3. Mt.i cjie^yeM HSJioaceHHio [FT], Koxopoe ynpomeHO no cpaBHCHHio c [A] (ne 
Q \ HcnojibsyeTca noH3TH3 pHManoBofi noBepxHocxH h roMOTonHn). B OTjiHHHe ot [FT], 3;i,ecb h3- 
[nr^ ■ jiaraexca cnocoG npudyMamb ^^oKasaxejibCTBo. 

(-H ■ Ajia noHHMaHHa caMoro /i;oKa3aTejibCTBa ^ocTaxoHHO npoHHTaxb onpe^ejieHHe nyxeBoii ne- 

pecxaHOBKH H3 cjie^yiomero nynKxa, nynxx 'njian npocxoro ^oKasaxejitcxBa xeopeMti A6eji5i' 
H pemeHHa aa^an, na Koxopbie ecxt ccbijikh b sxom nyHKxe. 

SaMexHM, HTo xeopeMa (Fajiya) o HepaapeniHMocxH b pa^nxajiax odnoso KOHKcmnoso ypaB- 
HCHHa [K, P, T] — 6ojiee CHjibHaa. 
K*" ■ npHBo;];HMoe ^OKasaxejibcxBO ne ncnojibsyiox xepMHHOB 'rpynna Fajiya' h 'pacmnpeHHe no- 

^ . jih'. HecMoxpa na oxcyxcxBHe sxhx mepMUHoe, udeu npHBo^HMoro ^oKasaxejibcxBa HBjiaioxca 
omnpaenuMu fl^jis xeopHH Fajiya (Gojiee no;i,po6Ho cm. [Ch, KS, Sj). Maxepnaji npeno;];HocHx- 
C3 B BH^e 3afl,aH, k KoxopbiM ^aioxcH yKasaHHa. (H oxcyxcxBHe xepMHHOB, h npncyxcxBHe 
sa^ai, xapaKxepHo ne xojibko ^jih ^sencKHx MOHacxbipefi, ho h cepbesHoro HsyneHKH Ma- 
xeMaxHKH.) B KOHn;e npHBO^axca sa^ann ^jih Hccjie^OBaHHH. Ecjih ycjioBHe saflann aBjiaexca 
(|)opMyjiHpoBKOH yxBepjK^eHHsi, xo 3XO yxBepjK^eHHe h na^o ^oKasaxt. 

Bjiaro^apio M. Bajioro, A. Kanejia-BejioBa, F. HejinoKOBa h ynacxRHKOB mohx aanaxHii aa 
^ I nojiesHBie o6cy>K^eHH5i, a xaxace M. Bajioro aa no^roxoBKy pncyHKOB. 

! 1- {&) TeopeMy A6eji3 ^ocxaxoHHo flOKaaaxt. ^jia ypaBHeHHii 5-h cxenenH. 

(b) TeopeMy AGejia ^ocxaxoHHo ^OKaaaxt. ^jia ypaBHeHHii — z + a = 0. 

(Ha caMOM ^ejie, h HeoGxo^HMo, HocKojibKy jiioGoe ypaBHenne naxoii cxenenn cBO^Hxca k 
HanHcaHHOMy npn homoh^h HeKoxopoil nporpaMMti ^jih namero KajitKyjiHxopa. ) 

(c) (sxo He aa^ana, a aazadKa [VINH]) CcJiopMyjinpyiixe BemecxBennbiH anajior xeopeMbi 
AGejiH. Bbixexaex jih oh na KOMHjieKCHoro? A KOMHjieKCHbiii na Beni;ecxBeHHoro? 

2. (a) y KajiBKyjiaxopa oxopBajiH khohkh Tenept ne cyn^ecxByex nporpaMMbi ^jih pe- 
meHHS KBa^paxHoro ypaBHenna. 

(b)* He cyn];ecxByex nporpaMMBi ^jih pemeHHSi KyGnnecKoro ypaBHeHHS, HCHOjibayion];eH 
HaBjieneHHe Kopna xojibko o^hh paa. 



(N 
O 



^ SaMCTKa ocHOBana na sanHTHHx KpyjKKa 'OjiHMnHa;i,bi h MaieMaTHKa' h Bbies^tix hikoji KOMaHflbi Mock- 
BM Ha BcepoccHiicKyio ojiHMnHafly (http://www.inccme.ru/circles/oim/mat.htm). B o^hom mcctc (sa^ana 7b, 
anajiornHHO peniaiOTca: safla^H 8b h 9b) bmcctc c sbphcthhcckhm paccyjKflCHHeM h3 [FT] npuBOflHTCH h 6ojiee 
CTporoe (xoTopoe mhc coo6iei;hji A. Kanejib co ccbijikoh na A. Hornna). B otjihhhc ot [FT], 3flecb HcnojibsycTca 
noHSTHe ocTopojKHoro nyTH bmccto paccyjKfleHiiii o nepecTanoBKax 6amHH SHaneHHii paflHKajibHoii cjjopMyjiBi 
npH o6xo/i,e napaMCTpoM aaMKHyToro nyTH, ne npoxo/i,HLn,ero nepes ocoGtie tohkh paflHKajiBHOii (J)opMyjibi. 
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(c)* He cymecTByeT nporpaMMbi fljia pemeHHfl ypaBHeHHs 4-h CTenenn, Hcnojii>3yioii],eH 
H3BjieHeHHe Kopna ne 6ojiee flByx pas. 

Bpa;]; jiH y Bac nojiyHHTca peniHTb sa^^any 2c 6e3 snaHHa flajiBHeiimero MaTepnajia. K nefi 
HyjKHo B03Bpairi,aTi>ca no Mepe ero HayneHHa. 

IlyTeBMe nepecTciHOBKH. 

B 3TOM H cjie;];yioiri;HX pfijx nyHKxax KajibKyjiHTop ne HcnojibsyeTCH (nosTOMy p^ayKe HHxa- 
Tejib, y KOToporo boshhkjih BOiipocbi o pa5oTe KajibKyjiHTopa, MO>KeT CMejio pemaTb sa^aHn). 

3. (a) PyKOBOflHTejib KpyacKa ^BHrajica no e^nnnHnon OKpyacnocTH na KOMiijieKcnon njioc- 
KOCTH, cflejiaji oflHH oGopoT H Bepnyjica b ncxoflnyio TOHKy. On Bejieji ynennKy flBnraTbca na 
KOMnjieKCHoii njiocKOCTH Tax, htoSbi KOopflnnaTa z ynennKa b jnoSoii mombht paBHsuiacB 6i>i 
KBa^paxy KOopflnnaTbi a pyKOBOflHTejia. KaK npHmjioct flBHraxBCfl ynenHKy? 

(b) Ha cjie;];yion];ee sanHTne KpyjKKa na KOMnjieKcnyio n,nocKOCTb npnmjio p^a ynennKa. Py- 
KOBOflHTejib BCTaji B TOHKC 1, a yHeHHKOB paccTaBHji B TOHKH 1 H — 1. HoTOM on Bejieji KaacflOMy 
yneHHKy flBnraTbCfl xaK, htoSbi KOopflnnaTa a pyKOBOflHTejia b jnoSoii mombht paBnajiact 6i>i 
KBaflpaTy KOopflnnaTbi z ynennKa. A caM nomeji no eflnnnHnoii OKpyacnocTn na KOMnjieKcnoii 
njiocKOCTH npoTHB nacoBoii cxpejiKn, c;];ejiaji Oflnn o6opoT n Bepnyjica b ncxoflnyio TOHKy 1. 
KaK npHnijiocB flBHraxbCfl ynennKaM? F^e onn OKaaajincB b KOHn,e sanaTna? 

4. Ha cjie;];yion];ee sanaxne KpyjKKa na KOMnjieKcnyio njiocKocxb npnmjio yace n ynennKOB. 
FyKOBO^Hxejib ne pacxepajica, Bcxaji b xohkc 1, a ynenHKOB paccTannji b xohkh cos(27r/c/n) + 
i sm{27ik/n), k = 1,2, . . . ,n. Hoxom oh CKaaaji: 'Moa Koop/j,HHaTa paBna n-ii cxenenn Koop/j,H- 
naxbi jiioGoro h3 Bac! ^BHranxeci. xaK, hxoSbi coxpannxb sxo aaMenaxejiBHoe cbohcxbo.' 

(a) PyKOBOflHxejib caM nomeji no eflnnnHnoii OKpyacnocxn na KOMnjieKcnon njiocKOCxn npo- 
XHB HacoBOH cxpejiKH, c^^ejiaji oj^ru o6opox n Bepnyjica b ncxoflnyio xoHKy 1. KaK npnnijiocB 
flBHraxbca ynennKaM? F^e onn OKasajincb b Konn,e aanaxna? 

(b) FyKOBOflHxejiB nasBiBaexca dodpuM, ecjin on ne npoxo^nx nepes 0. /^jia jiroSoro aaiviKny- 
xoro Mapmpyxa floSporo pyKOBO^nxejia b Konn,e aanaxna ynennKn nepecxanaxca. 

(c) ^Jia npoH3BOJibnoro saMKnyxoro Mapmpyxa flo6poro pyKOBo^^nxejia ecjin b Konn;e y^e- 
HHK 1 oKasajica b xohkb cos(27rfc/n) +i sin(27rA;/n), xo ynennK cos(27r/n) + isin(27r/n) OKaaajica 
B TOHKe cos(27r(A; + l)/n) + isin(27r(A; + l)/n). 

(d) /],JiH iipoH3BOJiBnoro saMKnyxoro Mapmpyxa ^oGporo pyKOBo^nxejia b Konn,e aanaxna 
ynenHKH nepecxaBaxca no cxenenn ncKOxoporo n,nKjia. 




nsMenenne napaMexpa a cooTBecxByK)m,ee nsMenenne Kopnen 

FncyHOK 1 

OnpedeACHue nymeeou nepecmaHoenu. Hycxb Pa{z) — ceMencxBo MnoroHjienoB cxenenn 
n, K034)4)nn;nenxbi Koxoporo (no ne cxenenb) nenpepbinno aanncax ox napaMexpa a. Hycxb 
ypannenne Pao{z) — nMcex n pasjinnnbix Kopnen, Koxopbie oSoananenbi zi,...,Zn- By^CM 
nsMcnaxb napaMexp a (pyKOBO^nxejib) b^ojib ncKOxoporo nenpepbinnoro saMKnyToro nyxn c 
nanajioM n KOHn;oM b oq- Hycxb ana jiioSgh tohkh a sxoro nyxn ypaBnenne Pa{z) = HMeex 
n pasjinnnbix Kopnen. By^cM flBnraxb i-ro ynennKa, nannnaa b Zi, u xaK, Hxo6bi b Ka>KflbiH 
MOMcnx BpcMcnn ero Koop^nnaxa 6bijia KopncM ypannenna Tor^a b Konn,e flnnjKenna ynennKn 
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nepecxaBHTca. □ HasoBCM nojiyneHHyio nepecxaHOBKy n-sjieMeHXHoro MHoacecxBa nyxeBoii ^jih 
ceMeficxBa ypaBHeHHfi Pa{z) = h ^aHHoli HyMepaii;HH KopneH ypaBHeHHs Paoi^) = 0. 

3xo ^elicxBHxejiBHo nepecxanoBKa, x.e. ^Ba ynenHKa ne Moryx b KOHn;e oKaaaxtca b o^hoh 
xoHKe (sa^ana 4b). LI,hkji (12 . . .n) siBjiaexcH nyxeBbiM ^jih Pa{z) = — a n 'ecxecxBeHHofi' 
HyMepaii;HH ero Kopnefl (aa^^ana 4a); Bce nyxeBbie nepecxanoBKH SBjiaioxcji cxenenaMH sxoro 
ii,HKjia (aa^ana 4d). 

5. (a) TojK^ecxBeHHaa nepecxanoBKa nyxeBaa ^jia jiioGoro ceMeflcxBa MHoroHjienoB h jiioGoh 
HyMepaii;HH KopneH. 

(b) KaK nepecxanoBKa, oxBenaiomaH BbimeonHcaHHOMy saMKHyxoMy nyxn, saBHcnx ox na- 
HajiBHOH HyMepaLi;HH Kopnefi? 

C 3xoro Mecxa mbi nponycxaeM cjioBa '^jih neKoxopofl HyMepaiJ,HH Kopnefi', roBopa o nyxeBbix 
nepecxanoBKax. 

OxBeTfai H yKasaHHa. 

4. (c) EcjiH x{t) — 3aKOH flBHJKeHHs nepBoxo yneHHKa, xo x(t)(cos(27r/n) + i sin(27r/n)) — 
saKOH flBHJKeHHa Bxoporo. 

(d) CjiepyeT hs (c). 

5. (a) EcjiH napaMexp a b npoii;ecce ^BHaceHHa cxohx na Mecxe, xo KajK^bifl Kopenb ocxaexca 
Ha Mecxe. 

(b) OxBex: npn nepeHyMepan;HH, aa^aHHoii nepecxanoBKoii a, nepecxanoBKa a, oxBenaromaa 
BbimeonHcaHHOMy saMKHyxoMy nyxH, nepeii^ex b nepecxanoBKy aaa^^. 

3aHeM Hy:»<;HBi nyTesbie nepecTanoBKH? 

EcjiH 6hi y^ajiocb ^OKasaxb, hto jiroGaa nyxcBaa nepecxanoBKa ^Jia ccMencxBa ypaBnennii, 
paspeniHMoro b pa^nKajiax, n;HKjiHnecKa3, xo ^jih ^oKaaaxejibcxBa xeopcMbi A6eji5i ^ocxaxonno 
Gbijio 6hi npHBecxH npniviep ccMencxBa ypaBnennn n nen;HKjiHnecKOH nyxcBon ^jih nero nepe- 
cxanoBKH. O^naKo nepecxanoBKa (13) (24) = (1234)^ nyxcBaa Pa{z) = z^ — a. 

Xopomo Gbijio 6t>i nafixn ^pyroe cbohcxbo nyxBbix nepecxanoBOK fljia ypaBnennn, paape- 
mnMbix B pa;];nKajiax, Koxopoe ne BbinojinaexcH j\Jiii nyxcBbix nepecxanoBOK nponsBOjibnbix 
ypaBnennii. 3xoro c^ejiaxb ne nojiynnxcH, n6o Amdan nepecmanoeKa fieAfiemcfi nymeeou Bah 
HeKomopoeo ceMeucmea ypaeneHuu, paspemuMozo e padunaAax, u HeKomopou Hyjuepayuu Kop- 
neu. (^encxBnxejibno, ecjin nepecxanoBKa HBjiaexca nponsBeflenneM k n;nKjioB j\jimi rii, . . . , n^, 
xo HCKOMoe ceMencxBO ypaBnennn — Il'^^^{{z — n^)"' — a).) 

H Bce-xaKn mbi ^OKaaccM xeopcMy A6eji5i. Mbi naii^eM cbohcxbo MHOofcecmea Bcex nyxcBbix 
nepecxanoBOK ^jia ypaBnennn, paspemnMBix b pa^nKajiax, ne Bbinojinennoe fljia MHOOfcecmea 
Bcex nyxeBbix nepecxanoBOK nponsBOJibnbix ypaBnennii. 

HoKaJKeM oxnpaBnyio n^ero na npnMepe pemenna aa^ann 2a. (3xo pemenne cjiojKnee npn- 
flyMannoro Bann panee, no saxo o6o6n];aexc5i flp ^^oKasaxejibcxBa xeopcMbi A6eji3.) 

6. (a) P,Jis KaKnx a ypaBnenne z"^ — 2z + a = nMeex poBno ^Ba Kopna? {3fl,ech n ^ajiee 
HMeioxcH B BRpy KOMnjicKcnbie Kopnn.) 

Omeem. a ^ 1. 

(b) KaK nepecxaBjiaroxca Kopnn ypaBnenna z"^ — 2z + a = npn cjieflyioni,eM nsMcnennn 
napaMexpa a? 

Cnanajia ox ^o 0.99 no oxpesKy, 

noxoM no OKpyjKnocxn pa^nyca 0.01, o6xo^5in];eii BOKpyr xonKn 1 o/i;nn pas 
naKonen,, oGpaxno ox 0.99 ;i,o no oxpesKy. 

^^jiH nepBoro anaKOMCTBa c npHBOflHMbiMH HfleaMH HHTaTejiio nojiesHO BOcnojibsOBaTbca 6e3 flOKasaTejib- 
CTBa cymecTBOBaHHeM TaKoro pfinyKemm y^^enHKOB (cp. sap^ami 4bcd), a TaKJKe Hcnojib30BaTb aHajiorH^^Hbie 
HarjiHflHbie cooGpajKenHH npn pemenHH saf^en 7b, 8b h 9b HH>Ke. CTporoe o6ocHOBaHHe BbiTCKacT h3 komuackc- 
Hou meopeMU o uesieHou (pyHKV,uu. 
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(c) EcjiH q(a) flBjiaeTCfl OTHomeHneM MHoroHjienoB ot a, to tojibko TOJKflecTBeHHaa nepe- 
cxaHOBKa aBjisexcH nyxeBofi p^jis Paiz) — z — q{a) (sflecb nyxi. napaMexpa a ne npoxo^HT nepea 
HyjiH HHCjiHTejiH H SHaMeHaTejia) . 

(d) Bt>iBe/j,HTC H3 (b,c) pemeHHe saflann 2a. 

OTBeTt.1 H yKasaHHH. 

06o3HaHHM e** := cost+isint. (B HacToameM tckctc sto nyacHO BocnpHHHMaxb hmchho KaK 
o6o3HaHeHHe. Cbohctbo e'^*^'*"*^^ = 6**^6**2 cjie^yeT hs (Jjopnyji fljia cnnyca h KOCHHyca cyMMbi.) 

6. (b) CnaHajia KopHH npnSjiHJKaiOTCfl k 1 c pasHbix CTopoH. HtoSbi Kopenb flBHrajica no 
saKony z{t) — l+£e**, napaMcip a flOJiacen flBHraTbca no saxony a{t) — 2z{t)—z'^{t) — 1— £^e^**. 
nosTOMy BOSBMeM e = 0.1. Kor^a a coBepniHT op^RU o6opoT, Kaac^^BiH h3 Kopneii coBepniHT noji- 
oGopoxa, T.e. onn noMenaioTca MecTaMH. fl^ajiee Kopnn cnoBa yflajisTca ot 1. 

Omeem: Kopnn MenaiOTca MecTaMH. 

IlyTeBbie nepecTciHOBKH ^jia ypaBHeHHii S-ii, 4-h h 5-h CTenenn. 

7. (a) Jins KaKHX a ypaBHenne — 3z + a = HMeeT poBHO Tpn KopHH? 
ynasaHue. Hpome Bcero pemaTb sxy sa^any iipH iiOMomH cjie^yiomHX (|)aKTOB: 

• JiioGoH MHoroHjien cxeiieHH n hmcct poBHO n KOMnjieKcnbix Kopneii, n 

• J11060H KpaTnbiH Kopenb MnoroHjiena sBjiaeTca TaKsce KopneM ero nponsBOflnon. 
Omeem. fl^Jis a 7^ ±2. 

(b) KaK nepecTaBjifliOTCfl Kopnn ypaBnenna — 3z + a — npn cjie^yion^eM HSMenennn 

napaMexpa a? 

Cnanajia ot flo 2 — 5i no OTpesKy, 

noTOM no KpHBoii, 'o6xoflani,eH Boxpyr tohkh 2 o^nn pas', 
naKonen,, oGpaTHo ot 2 — ^2 no OTpesKy. 

{B sadauax 7bc, 8bc u 9bc eu6epume caMU Kpueym u Ma/iue Hucjia 61,62, Hmo6u 6ujio 
ydo6HO Haxodumh nepecmanoeKy.) 

(c) KaK nepecTaBjiaioTca Kopnn ypaBnenna z^ — 3z + a = npn cjieflyioni,eM HSMenennn 
napaMeTpa a? 

Cnanajia ot flo — 2 — 61 no OTpeaxy, 

noTOM no KpHBoii, 'o6xo;],HmcH BOKpyr tohkh —2 o^nn pas', 
naKoneu;, oGpaTno ot — 2 — ^2 no OTpesKy. 

(d) Jins Pa{z) = z^ ~ 3z + a Bce iiepecTanoBKH iiyTCBbic. 

8. (a) /],JiH KaKHX a ypaBnenne z'^ — Az + a = hmcct poBHO neTbipe Kopna? 
Otbct. ^jia a ^ 3,3a, 3q;^, r^e a — 

(b) KaK nepecTaBjifliOTCfl Kopnn ypaBnenna z^ — Az + a — npn cjie^yion^eM HSMenennn 

napaMeTpa a? 

Cnanajia ot /],o 3 — 5i 110 OTpesKy, 

noTOM no KpHBOH, 'o6xo^am;eH BOKpyr tohkh 3 oflnn pas', 
naKonen;, o6paTno ot 3 — ^2 flo no OTpesKy. 

(c) KaK nepecTaBjiflMTCfl Kopnn ypaBnenna z^ — Az + a — npn cjieflyK)ni,eM nsMenennn 
napaMeTpa a? 

Cnanajia ot ^o (3 — no OTpesKy, 

noTOM no KpHBoii, 'o6xofl3ni,eH BOKpyr tohkh 3a o^nn pas', 

naKonen,, oGpaTno ot (3 — ^2)0; flo no OTpesKy. 

(d) ^jifl Pa{z) — z^ — Az + a Bce nepecTanoBKH nyTeBbie. 

9. (a) ^Jifl KaKnx a ypaBnenne z^ — 5z + a — HMeeT poBno naTb Kopneii? 
OTBeT. /Ijih a ^ 4, 4i, —4, —4i. 

(b) KaK iicpecTaBjiaK)Tca Kopnn ypaBnenna z^ — 5z + a = npn cjieflyK)n],eM nsMenennn 
napaMeTpa a? 

Cnanajia ot flo 4 — 5i no OTpesKy, 
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noTOM no KpHBOH, 'o6xofl5iiu;eH BOKpyr tohkh 4 op^nH pas', 
HaKonen,, o6paTHo ot 4 — S2 flp no oxpesKy. 
(c) KaK nepecxaBjiaioTca Kopnn ypaBnenna — 5z + a = 
? 



npn cjie^yion];eM HaMenennn 



napaMexpa a 

Cnanajia ox ^o (4 — 6i)i no oxpeaxy, 

noxoM no KpnBon, 'o6xofl3iu;eH Boxpyr xohkh 4i o^nn pas', 

naKonen,, oGpaxno ox {4 — 62)i flp no oxpesxy. 

(d) /],Ji3 Pa{z) = — 5z + a Bce nepecxanoBKH nyxeBbie. 

10. HaiiflHxe Bce nyxeBtie nepecxanoBKH ^jih 

(a) paiz) = z^ + 2(1 - 2a)z^ + 1. (b) paiz) = {z^ - af - a{a - 1). 
OxBeTfai H yKasaHHH. 

7. (b) OxBex: Kopnn 0, a/3 noMenaioxca MecxaMH, Kopenb —a/3 ocxaexca na Mecxe. 
3aflaflHM flBHJKeHHe Kopna 0, no neMy BoccxanoBHM flBHJKenHe napanexpa a, a saxeM ^bh- 
jKenne ocxajitntix Kopnen. Cm. pnc. 2. 








z 
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HSMeneHHe napanexpa a 



cooxBecxByion^ee HSMeneHHe Kopnen 
PncynoK 2 

npnGjinacaexcH k 1 cjieBa n npeBpamaexcH b 1 — 61. 



Ilpn 



3XOM a 



z" npnGjiHJKaexcH k 2 cjieBa. Snannx, Bxopofl Kopent a/3 npnGjinacaexca k 1 



Cnanajia nepBbin Kopenb z 

3z - z^ 

cnpaBa n npeBpan];aexc5i b 1 + 52- A xpexnii Kopent — -\/3 ocxaexcH oxpHn;axejit.Ht.iM. Cm. pnc. 
3. 




PncynoK 3 

3axeM nycxb nepBbin Kopenb w^jxei b 1 + ^2 no nexoxopon KpnBon, Gjihskoh k 1 h ne ne- 
peceKaron^en Ben^ecxBennon ocn nnrfle, KpoMe cbohx KOHn;oB. Tor^a Bxopon Kopenb ocxaexcH 
Gjihskhm k 1, a xpexnn Kopenb ocxaexca oxpHn;axejibnL.iM. Snannx, Kopenb Bxopon Kopenb npn- 
jxei B 1 — 5i . El 

JXsiJiee nepBbiH Kopenb npnGjinacaexca k a/3 cjieBa, npHMepno noBxopaa nanajibnyio nacxb 
flBHJKeHHa Bxoporo Kopna b npoxHBonojioacnoM nanpaBjieHHH. Snainx, Bxopoii Kopent npn- 
6jiH>Kaexc5i k cnpaBa, npHMepno noBxopaa nanajibnyio nacxt ^BHJKenns nepBoro Kopna b 
npoxHBonojioJKnoM nanpaBjiennn. A xpexnii Kopenb ocxaexca oxpnn,axejibnL.iM. 



•^BoT He4)opMajibHaH HjijiiocTpan,Ha SToro flBHJKenHa. HycTb nepsbiit Kopenb flBHJKeTca no aaKony z{t) = 
1 + 5ie^* . Tor^a napaMCTp a flBHJKeTca no saKony a{t) = 'iz{t) — z^{t) = 2 — 3(5^e^'* — J^e^**. Tax KaK i5i Majio, 
3Ta KpHBaa 6jiH3Ka k OKpyjKnocTH 2 — 35^ e^**. A snaHHT, BTopon Kopent npH;],eT npHMepno b TOHKy 1 — 5i (h6o 
TpcTHH Kopenb ocTaeTCH flajiCKo) . 
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(c) YKaaaHHe. HcnojibsynTe HeHeTHOCTb. 

Otbct: KopHH 0, — a/S iiomciihiotch MecTaMH, KopeHb \/3 ocTaexcH iia mcctc. 

(d) /loKajKHTe, HTO jiK)5aH iicpccTaHOBKa 3-3JieMeHTHoro MHoacecTBa npeflCTaBjiaeTca b bh^c 

K0Mn03HLI,HH TpaHCn03HIl,HH (12) H (13). 

8. (b) AHajiorHHHO safla^e 7b kophh 0, noMenaioTCH MecxaMH. OcTajibHtie flBa Kopna 
B npon;ecce flBHJKeHHfl ne nepeceKaiOT oct Ox h nosTOMy b KOHn;e flBHJKeHHfl Sy^yT na cbohx 
npejKHHx MecTax. 

OxBex: KopHH 0, noMenflioxefl MecxaMH, ocxajiBHbie flBa KopHs ocxaioxcfl na Mecxe. 

(c) Paaiaz) = apa{z). 

OxBex: KopHH 0, noMenaioxcH MecxaMH, ocxajibHbie flBa Kopna ocxaioxcH na Mecxe. 

(d) ^OKaacHxe, hxo jiioSaa nepecxanoBKa 4-3jieMeHXHoro MHoacecxBa npe^cxaBjiaexca b BH^e 
K0Mn03Hn,HH XpaHCn03HH;HH (12), (13) H (14). 

9. (b) AHajiorHHHO saflanaM 7b H 8b. KopHH 0, </5 noMCHJiioxca MecxaMH, a ocxajitHbie xpn 

KopHH BepnyxcH na cboh npejKHHe Mecxa. (H6o KopHH h b npoi];ecce ^smKeHUfL ne 

nepeccKaioT Bein,ecxBeHHoil och, a Kopent — ocxaexcH BemecTBennbiM OTpHi^axejibHtiM.) 
(d) ^OKajKHxe, hto jiioGaa nepecxanoBKa 5-3JieMeHXHoro MHOJKecxBa iipe^cxaBjiaexca b bh^c 

K0MH03HH,HH XpaHCH03HH;HH (12), (13), (14) H (15). ^Jlfl 3X0X0 flOKaaCHXe, HXO 

• jiio6aa HepecxaHOBKa 5-3JieMeHXHoro MHOJKecxBa flBjiaexcfl K0MH03HH;HeH h;hkjiob, 

• JI1060H ii;hkji HBjiHexcH KOMno3Hii;HeH xpaHcno3Hii;HH, 

• jiio6aa xpaHCH03Hn;H5i sBjiaexca K0MH03Hn;HeH xpaHCH03Hn;HH (12), (13), (14) h (15). 
OcTopo»cHfcie nyTH. 

11. (a) nycxb q(a) — oxHomeHHe MHoroHjienoB ox a. ^oxajKHxe, hxo Bce nyxeBbie nepecxa- 
HOBKH fljiH Pa{z) = z^ — qio) HBjiHioxcH cxeneHbio HeKoxoporo o;];Horo ii;HKjia. 

(b)* IlycTb cymecTByex iiporpaMMa ^jih pemeHHH ypaBHeHHH Pai^z) = 0, Hciiojib3yioiii,aH 
HSBjieneHHe Kopna xojibko o^hh pa3. OGssaxejibHo jih bcc nyxeBbie nepecxanoBKH HBjiHioxca 
cxeneHbio neKOxoporo OflHoro H,HKjia? 

Ham KajiBKyjiflxop HMeex HenpHflXHyio ocoSennocxb: pe3yjibxax BbiHHCJieHHH ne Bcer^a Ofl- 
H03HaHH0 OHpe^ejiflexca bboahmbimh flanHbiMH (nanpHMep, nporpaMMa, Bbi^aiOH^afl nepeoe 
3HaHeHHe \/T, 6y;];ex cjiynaHHO BtiflaBaxb 1 hjih —1). 3Ty iiciipHHXHOcxb mojkho npeo;];ojiext>, 
oco3HaB, Hxo xeopeMy A6ejiH /],ocxaxoHHO /],OKa3aTb fl^jm 'chmmctphhhmx' iiporpaMM ^jih name- 
ro KajiBKyjiaxopa (hjih, 3KBHBajieHXHO, ^jih noxojKero KajibKyjiaxopa, oiiepHpyiomero c mho- 
CHcecmeaMU KOMHjieKCHbix HHceji). Ho Bce paBHO Sy^ex nenpocxo ^axb onpe^ejieHHe nyxeBofi 
HepecxaHOBKH dAA npospuMMU, Koxopoe neoSxoflHMO fljia pemeHHfl 3aflaHH lib. Mm nocxynHM 
HO-flpyroMy. 

PaduKaAhHou cfiopMyAou oniHocumeAbHO aQ, . . . ,an Ha3biBaexcH (yiiopHflOHeHHbm) naSop 
pan;HOHajibHbix (jDyHKn,HH (x.e. oxHomeHHH MHoroHjienoB) pi, ... ,Ps ot n + 1, ... ,n + s iiepeMCH- 
Hbix, cooxBexcxBeHHO, H H;ejibix nojioacHxejiBHbix HHceji ki, . . . ,ks. J^Ji^i paflHKajibHoii 4)opMyjibi 
OHpeflejiHM BbipaaceHHfl 

k ■ 

zi,...,Zs 4)opMyjioH z/ =pj{aQ,...,an,zi,...,Zj-i), j = l,2,...,s. 

YpaBHeHHe a„z" + an-iz^~^ + • • • + aiz + ao — c KOMnjieKCHtiMH nepeMeHHtiMH ko34)4)h- 

n;HeHxaMH Ha3biBaexcH paspemuMUM e paduKaAax, ecjiH cymecxByex pa^^HKajibHaa cJ^opMyjia 
oxHOCHxejibHO ao, . . . ,an, flJia KOTopoii jiioSoh Kopenb ypaBHCHHa HBjiaexca oflHHM h3 3HaHe- 
HHH oflHoro H3 BbipaaceHHH zi, . . . ,Zs. Cp. [FT, Chapter 5]. 

Mbi flOKaaceM xeopeMy ASejia b cjieflyiOH^eii 3KBHBajieHXH0H 4)opMe: hu npu kukom n > 5 
ypaeneHue ttnZ^ + a„_i2;"~"^ H — • + aiz + ao = c KOMnACKCHUMU nepeMemuMU Koa^w^uen- 
maMU He ReARemcR paspemuMUM e padunaAax. 

JXjiii flOKasaxejibcxBa xeopeMbi A6ejiH nojie3Ho cjieflyion],ee noHHXHe. Ha30BeM 3aMKHyxbiH 

HyXb Ha HJIOCKOCXH OCTOpOaCHbIM flJIS flaHHOH paflHKajIbHOH 4)0pMyjIbI, B KOXOpOH Cq, . . . , a„ 
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3aBHCflT OT napaMeTpa a, ecjin npn H3MeHeHHH napaivieTpa a BflOJit SToro ny™ KajK^oe SHane- 
HHe KajKfloro BbipajKeHHfl Zg B03Bpaii];aeTca na MecTO. 

12. (a) EcjiH nyxb HEjiHexcH octopojkhbim oxHOCHTejibHO KayKppm h3 ;n;Byx pa^^HKajibHbix 
4)opMyji pi, . . . ,Ps; ki, . . . ,ks'iiqi, . ■ . ,qt', /i, to oh sBjiaeTca octopojkhbim oTHocHTejibHo 

HX CyMMU 

Pi,... ,Ps, ?i, ■ ■ ■ , qt, Ps + qt] ki,..., kg, k,..., k: 1. 

(b) Oiipe/],ejiHTe pasHocxb, npoHSBefleHHe h nacxHoe paflHKajibHbix 4)opMyji. flpK&yKiiTe ^jih 
HHx anajior npeflbiflymero nyHKTa. 

(c) n-u cmeneubw saMKHyxoro nyxH nasBiBaexca hobbih aaMKHyxtiii nyxb, Koxoptiii nojiy- 
HaexcH npoxojK^eHHeM HcxoflHoro nyxH n pas. Ecjih nyxb hejihcxch ocxopojKHbiM oxHOCHxejibHO 
pa;j,HKajibHOH 4)opMyjit>i pi, . . . ,Ps; ki, . . . , kg, to ero n-a cxeiieHB SBjiaexca ocxopoJKHott oxho- 
CHxejibHo paflHKajibHOH 4)opMyjit>i Pi, . . . ,Ps, Zg] ki, . . . ,kg, n. 

(d) ki ■ . . . ■ kgS cxeneHb jiioSoro nyxH aBjiaexca ocxopojKHoii oxHOcnxejiBHO paflHKajiBHofi 
4)opMyjiM pi, ...,pg; ki,..., kg. 

(e) Ecjih ceMeiicxBO ypaBHeHHii Pa{z) = paspeniHMO npn noMon^H pa^^HKajibHofl (jDopMyjiti 
Pi, . . . ,Pg; ki, kg, TO ki ■ ... ■ kg-ii cxeiieHb jiio6oh iiyxeBOH iiepecTanoBKH TOJKflecTseHHa. 

IIocjie^HHM yxBepac^^eHHCM hcjibsh BociiojibsoBaxbca ^jih ^^oKasaxejitcxBa xeopeMbi A6ejia, 
h6o jiio6aa: nepecxanoBKa b neKoxopoii cxenenH paBHa xoacflecxBeHHott. 

KoMMymamopoM flByx aaMKHyxbix nyxen HaatiBaexcfl hobbih saMKHyxbin nyxb, Koxopbin 
nojiynaexcfl nocjieflOBaxejiBHbiM npoxojKfleHneM 

nepBoro nyxH, 

Bxoporo nyxH, 

nepBoro nyxH b oGpaxnyio cxopony, 
Bxoporo nyxH b oSpaxnyio cxopony. 

13. (a) Ecjih o6a nyxH — ocxopoacHbie oxHOcnxejiBHO paflHKajrBHoii 4)opMyj[i>i 
Pi,...,Pg; ki,...,kg, TO HX KOMMyxaxop — ocxopojkhbih oxnocHxejibHO paflMKajibHOii 4)op- 

M-yjihi pi, . . . ,pg, Zg] ki,...,kg, n. 

(b) Ecjih cymecxByex nporpaMMa fljia pemeHHH ypaBHenna Pa{z) = 0, Hcnojib3yK)iu;aa ofl- 
HOSxajKHbie H3BX[eHeHHa KopHeii, xo j[io6bie ^bc nyxcBbie nepecxanoBKH KOMMyxnpyiox (x.e. 
(7T = Ta). 

(c) He cymecxByex nporpaMMbi ^jih pemeHHfl Ky6HHecKoro ypaBHeHHii, HCHOJ[b3yiOH];eH ofl- 
H03xa>KHbie HSBjieneHHa Kopnefi. (CpaBHHxe c saflanefi 2b h BamHM pemeHHeM ee.) 

14. (a) KaKoe ycnoBHe na MHOJKecxBO nyxcBbix nepecxanoBOK cjiepyeT h3 cymecxBOBaHHH 
nporpaMMbi fljia pemeHHa ypaBHenna Pa{z) = 0, Hcnojib3yioiLi,eH ne 6ojiee, hcm flbyxaxaacHoe 
HSBjie^enne Kopna? 

(b) BbiBeflHxe h3 Bamero pemeHHsi nynxxa (a) h aaflanii 8d pemeHHe aaflanH 2c. 

15. (a) KaKoe ycjiOBHe na MHoacecxBO nyxeBbix nepecxanoBOK cjie^yex h3 cymecxBOBaHHa 
nporpaMMbi fljia pemeHHsi ypaBHeniia Pa{z) — 0, iicnoj[b3yion],eH ne Sojree, neM xpexsxaacHoe 

HSBjieHeHHe Kopna? 

(b) CymecxByiox ^bc hc KOMMyTHpyiom,iie nepecxanoBKH 5-3JieMeHXHoro MHo>KCCTBa, Ka>K- 
flaa H3 Koxopbix aBjiaexca KOMMyxaxopoM neKOxopbix flByx npoHSBefleniiH KOMMyxaxopoB. 

(c) BbiBeflHxe h3 (a,b) h saflanH 9 neoSxofliiMOCXb HajiHHHsi xoxa 6bi xpex sxajKefi b npo- 
rpaMMe, skoSbi pemaiomeii ceMeiicxBO ypaBHeHHH — z + a — 0. 

(d) JIpKeoKUTe xeopeMy ASejia. 

OxBeTbi H yKaaaHHH. 

11. (a) AnajiorHHHo sa^anaM 4cd. 

13. (a) SnaHeHHe BbipajKeniiH Zg BOSBpamacxcH tia mccxo b pesyjibxaxe o6xofla hhcjiom 
a KaJKfloro hs ^Byx ^anHbix saMKHyxbix iiyxeii Li ii L2. HosxoMy n SHaneHHii Bbipa>KeHHH 
Zg+i HMeiox BHfl x,xs,xs'^,xs^, . . . ,xe"'~^ fljia neKOxoporo x n e :— cos{2n/n) + ism{27i/n). 
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AnajiornHHO aaflane 4d fljia jiio6oro aaMKHyToro nyTH L naiifleTCfl Taxoe k(L), hto b peayjibTaTe 

HSMeHeHHH iiapaMCTpa a b^ojib sToro iiyTH hhcjio xe^ nepexo^HT b hhcjio xe^^''^^\ HosTOMy b 
peayjibxaxe npoxoacfleHHa napaneTpoM a KOMMyTaTopa nyTefi Li h L2 hhcjio xe^ nepexoflHT b 
HHCJio a;£:*+'^(-'"i)+'^'^-'"2)^'=(-'"i)~'=(-^2) . 
(b) Cjie^yex h3 (a). 

14. (a) IIodcKasKa. YcjiOBne ar — ra (na nepecTanoBKH) paBHOCHjibHO ToacflecTBeHHOCTH 
nepecTanoBKH aTa~^T~^. 3Ta nepecTanoBKa HaatiBaeTCfl KOMMymamopoM nepecTanoBOK cr, r. 

EcjiH HMeeTCH ;];Byx3Ta>KHaH cJ^opMyjia, to p^jis nyxeBbix nepecTanoBOK a, r KOMMyxaxop (x.e. 
iiepecTaHOBKa crTa~^T~^) mo^kct He 6biTB xoJKflecTBeHHOH. OflnaKO fljia KOMMyTaTopoB Bbinoji- 
HHexca HeKOTopoe ycjioBHe. HaftflHTe ero! 

Omeem. Ecjih cymecTsyeT nporpaMMa fljia pemenHfl ypaBHeHHfl Pa{z) — 0, Hcnojitayio- 
maa He 6ojiee, hbm flByxsTaacHoe HSBjieneHHe Kopna, to KOMMyTaTopti nyTeBbix nepecTanoBOK 
KOMMyTHpyioT. (/lajKe npoH3Be;];eHHH KOMMyxaxopoB nyxeBbix nepecTanoBOK KOMMyTHpyiOT.) 

/^OKaaameAhcmeo aHajiorHHHO pemenHio sa^ana 13a. 

15. (a) Ecjm cymecTByeT iiporpaMMa /^jm pemeHHH ypaBHeHHH Pa{z) = 0, HCiiojibsyiomaH 
He 6ojiee, hcm xpexsTaacHoe HSBjieneHHe Kopna, to KOMMyxaTopbi KOMMyxaxopoB iiyxeBbix ne- 
pecxaHOBOK KOMMyxnpyiox. (^aace npoHSBefleHHfl KOMMyxaxopoB npoHSBefleHHfi KOMMyxaxopoB 
nyxeBbix nepecxanoBOK KOMMyxnpyiox.) ^OKaaaxejitcxBO anajiornHHO saflanaM 13ab h 14a. 

(b) IlpHMep MOJKHO nprnpyuaTh nanpHMyio hjih ^^oxasaB, hto jiio6aH nexnaH nepecxanoB- 
Ka HBjiaexca npoHSBefleHHCM KOMMyxaxopoB. (OnpeflejieHHe nexHott nepecxanoBKH HanoMHeno 



IIjiciH npocToro /^oKasaTejibCTBa TeopeMM A6ejia. 

Mbi flpBOjihHO flpjiTO npudyMueaAU ^^oxasaxejibcxBO xeopeMbi A6ejiH. HsAootcumb xce ppKa- 
saxejibcxBo mojkho cobccm KopoxKo. (OcBo6o>KfleHHe flOKaaaxejibcxBa ox flexajicii, boshhkluhx 
npH ero npHflyMbiBaHHH h ne nyacHbix fljia Hero caMoro — BajKHaa nacxb ero iipoBepxH.) HpH- 
Be^eM njian xaxoro H3Ji0JKeHHfl. 

TeopeMa ASejia Bbixexaex h3 cjieflyiomnx xpex jieMM. ^Jia hx 4)opMyjiHpoBKH BBe^eM cjie- 
^lyiomee onpe^^ejienne (xoxopoe noMOJKex naM KopoxKO npoHSHOCHXb rpoMos^^KHe K0HcxpyKii;HH, 
BosHHKinHe B aa^anax 13b, 14a h 15a). fl^Jis ^aHHoro ceMeiicxBa ypaBHeHHit Pa{z) = naao- 
BeM 0-nymeeuMU nyxeBbie nepecxanoBKH. Ecjih yace onpeflejienbi n-nyxeBbie nepecxanoBKH, 
xo HaaoBeM nepecxanoBKy (n + l)-nymeeou, ecjiH ona npeflCxaBjiaexcfl b BH^e KOMno3Hii,HH 
KOMMyxaxopoB HeKOxopbix n-nyxeBbix nepecxanoBOK. 

JleMMa o KOMMyTaTopcix. Ecjiu cymecmeyem npospauMa d/isi pemenufi ceMeucmea ypae- 

HCHUU pa{z) = 0, ucnoAhsymvuaR ne 6oAee, hcm n-Kpamnoe useAeneHue KopuA, mo Jiumh mootc- 
decmeeHHasi nepecmaHoena neAfiemcfi n-nymeeou Oasi amoso ceMeucmea. 

JleMMa o npHMepe ypaBHeHHa. Cym,ecmeyem manoe ccMeucmeo Pa{z) ypaeneHuu 5- 
u cmenenu, MHOofcecmeo ecex nymeeux nepecmanoeoK Komopoeo coenadaem c MHOofcecmeoM 
ecex nepecmanoeoK S-ajieMenmHoso MHOcmecmea. 

JleMMa o HeTHbix nepecTciHOBKax. JIn)6aA HemncM nepecmanoeKa S-aAeMenmHoso mho- 
CHcecmea AeAsiemcA npouaeedenueM KOMMymamopoe nemnux nepecmanoeoK. 

HanoMHHM, Hxo nepecxanoBKa nasbiBaexca Hemnou, ecjiH ona npe;],cxaBji5iexca b BH^e npo- 
HSBe^eHHH Li,HKjiOB /j,jiHHM 3. (3to oiipeflejieHHe paBHOCHjibHO oSmciipHiiHTOMy. ) 

JleMMa o KOMMyxaxopax cjie^yex hs aa^a^H 13a (anajiorKHHo 3a/j,aHaM 13b, 14a, 15a). JleM- 
Ma o npHMepe ypaBHenna cjie^yex h3 saflanH 9d. ^OKaaaxejibcxBO jieMMbi o nexHbix nepecxa- 
HOBKax — aaflana (yKaaaHne: flOCxaxoHHO flOKaaaxb, hxo xaKOBbiM abjiaexca ii,hkji fljiHHbi 3). 

Sa^aHH fljia HCCjie^OBaHHa. 

B MaxeMaxHKe HMeexca mhoxo peayjibxaxoB, HeiiocpeflcxBeHHO CBflsaHHbix c xeopeMofi A6e- 
jifl. Cm., HanpHMep, [Kh], [PS]. 
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CjieflyiomHe sap^a^n noKasbiBaioT, hto mcto^ Oeppapn ^jih pemeHHH ypaBHeHHH 4-h cxene- 
HH 'caMMH npocToii', a (|)opMyjia j^ejih Oeppo-KapflaHo-TapxajibH b bh^b 



X = -a + \/o? - 4 - Y'^a + Vo^^^) 

fljia pemeHHa KyGnHecKoro ypaBHenna — 3x + a = — He 'caMaa npocTaa'. 

16. CymecTByex nporpaMMa ^Jia KajiBKyjiaxopa, cxpoamaa no nncjiy a KoneHHoe mho- 
jKecTBO, co^epjKamee Bce KopHH ypaBHeHna — 3x + a = 0, h co^epjKamaa: tojibko o^ho 
HSBjieneHHa Kopna h3 BL.ipa>KeHH3, coflepxcamero KopHH. 

17. He cymecTByex 



(a) 4)opMyjiL,i BH^a z = \J p + \/<i+ \/^+ \/ s + ^jia pemeHHa ypaBHennji x^—Ax+a = 
HH ^jiH KaKHx n;ejit.ix nojiojKHTejibHtix k, I, m,n,o paii;HOHajibHbix (|)yHKn;HH p, q, r, s, t ot a. 

(b) nporpaMMbi, cTpoameii no nncjiy a Konennoe MHOJKecTBo, coflepjKamee Bce Kopnn ypaB- 
nenna x^ — 4x + a = 0, n coflepjKamen tojibko oflfio 'TpexsxaJKHoe' nsBjienenna Kopna. 

18. CyniecTByeT jin nporpaMMa ^Jia 6em,ecm6eHH020 anajiora KajitKyjiaTopa, onpe^ejien- 
Horo B nanajie saMexKH, naxo^Hmaa Bce eeiu^ecmeeHHue Kopnn 

(a) ypaBHeHHH x^ + px + q = no ero K03(|)(|)HH,HeHTaM p, ql 

(b) ypaBHCHHa x^ + px"^ + gx + r = no ero K03(|)(|)Hn;HeHTaM p, g, r? 

(c) ypaBHeHHH x^ + px^ + qx^ + rx + s = no ero K03(|)(|)Hn,HeHTaM p, g, r, s? 

19. ^o6aBHM K KajiBKyjiaTopy KHOHxy, BL.i;];aioiLi;yio no nncjiy cos a Bce snanennH nncjia 
cos (a/5). HoHBHTca jin nporpaMMa fljia pemenna ypaBnenna 5-h cxenenn? 

Sa^ann 16 n 17 necjio^Knti. (Sa^any 16 mojkho peniHTt, ne Hcnojibsyji nsjio^Kennbix Btime 
H^^eii, a 3a;i,aHy 17 — Bpa^i; jih.) K coacajiennio, aBTopy ne y^ajiocb nafiTH b jinxepaType otbctm 
na ecxecTBeHHbie Bonpocbi sa^an 18 n 19 (xoth, bh^hmo, otbctbi nsBecTHbi cHen;HajiHCTaM) . 

OTBexfai H yKasaHHa. 

16. h := i\/-a + Vo^^H X := f 

17. EcjiH 6hi xaxaa 4)opMyjia/nporpaMMa cymecxBOBajia, to bcc KOMMyxaTopbi nponsBeflfi- 
HHH KOMMyTaxopoB (nepecxaHOBOK l-sjieMenxHoro MnoacecxBa) Gbijih 6t.i cxenentio neKoxopofi 
ojiHOR necxapenoBKH. A 3xo ne xaK. 
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